Aims: To provide nationally representative data on alcohol consumption in Vietnam and to assess whether reported numbers of 'standard drinks' consumed have evidence of validity ( particularly in rural areas where home-made alcohol is consumed from cups of varying size). Methods: A nationally representative population-based survey of 14,706 participants (46.5% males, response proportion 64.1%) aged 25−64 years in Vietnam. Measurements were made in accordance with WHO STEPS protocols. Data were analysed using complex survey methods. Results: Among men, 80% reported drinking alcohol during the last year, and 40% were hazardous/ harmful drinkers. Approximately 60% of men and <5% of women had consumed alcohol during the last week, with one-in-four of the men reporting having consumed at least five standard drinks on at least one occasion. Numbers of standard drinks reported by men were associated with blood pressure/hypertension, particularly in rural areas (P < 0.001 for trend). Most of the calibration and discrimination possible from self-reported information on alcohol consumption was provided by binary responses to questions on whether or not alcohol had been consumed during the reference period. Conclusion: Alcohol use and harmful consumption were common among Vietnamese men but less pronounced than in Western nations. Self-reports of quantity of alcohol consumed in terms of standard drinks had predictive validity for blood pressure and hypertension even in rural areas. However, using detailed measures of consumption resulted in only minor improvements in prediction compared to simple measures.
INTRODUCTION
Harmful alcohol use was the fifth leading contributor to the global burden of disease behind tobacco smoking and hypertension in 2010 (Lim et al., 2012) . Given this burden, systematic populationbased surveillance of alcohol intake is essential for quantifying Data collected on alcohol consumption in such surveys are usually by self-report of the frequency of drinking occasions, and the quantity of alcohol consumed on each occasion. The quantity of alcohol consumed on each occasion is often represented in terms of a 'standard drink'-the serving size of each type of alcohol that provides a particular number of grams of ethanol. This provides comparability and standardizes the assessment across alcohol types, brands and individual preferences. Visual aids like glasses and bottles, or photographs of them, that illustrate the actual serving size providing a particular amount of alcohol are recommended to assist respondents to estimate their standard drink consumption (Dawson, 2003) . However, evidence suggests that drinkers in urbanized countries are unable to accurately judge the size of their drinks (Kaskutas and Graves, 2000; Devos-Comby and Lange, 2008) . This may be even more problematic in developing countries such as Vietnam where alcohol is often 'home-made' and the serving sizes vary, making this estimation more difficult.
Whilst the types of alcohol available in the large cities of Vietnam and the methods of serving them reflect a modern Western-style lifestyle, 70% of the population lives in rural areas (General Statistics Office, 2010) . The rural practice is to purchase spirits made by small-scale local producers from rice, maize, potato or fruits (Dung et al., 2007) . The alcohol concentration of these products can vary from 29.5 to 45% (Lachenmeier et al., 2009 ). The alcohol is drunk from small cups of varying sizes, meaning the alcohol content of each serve varies throughout the country. The concept of a standard drink appears not well-suited to Vietnam, but no studies have assessed this issue. Indeed, alcohol use has been studied in Vietnam only in respect of its socioeconomic and psychosocial determinants (Kim et al., 2005 (Kim et al., , 2008 Tran et al., 2009; Pham et al., 2010; Nguyen et al., 2012) . A comprehensive assessment of alcohol consumption by individuals has not been attempted previously.
The first objective of this study was to provide nationally representative data on alcohol consumption pattern in Vietnam. The secondary objective was to assess the accuracy and value of this information. Because a previous systematic review of prospective cohort studies (Briasoulis et al., 2012) has shown that the self-reported quantity of alcohol consumption is positively associated with blood pressure, and there is some evidence (Stranges et al., 2004) that the average volume of alcohol consumed has a more important role in the relationship between alcohol consumption and the risk of raised blood pressure than the frequency of drinking (Stranges et al., 2004) , we used this outcome to test its predictive validity. In so doing, we subjected the underlying assumption-that standard drinks are understandable to survey respondents-to a field test: would responses by Vietnamese people in rural areas (where home-made products are widely consumed) have evidence of validity?
METHODS

Study participants
Participants were from a nationally representative population-based survey of non-communicable disease risk factors in Vietnam conducted during 2009-2010 using the WHO STEPS method (WHO, 2008) , with the methods elsewhere (Bui et al., 2015) . In brief, participants aged 25−64 years were selected by age-and sex-stratified random sampling from clusters identified from communes, towns and city wards. The clusters were selected with probability proportional to population size with replacement from strata of economic (rich/poor) and residential (urban/rural) administrative classifications.
The final sample consisted of 14,706 participants recruited with a response proportion of 64.1% (14,706/22,940 
Blood pressure and covariates
The STEPS questionnaire (WHO, 2008) was used to collect information on age, residential status (urban and rural), ethnicity (Kinh majority group, and non-Kinh minority groups including Khmer, Tay, Thai, and Chinese), years spent at school, monthly household income per adult member, tobacco smoking, alcohol intake, and fruit and vegetable consumption. The questionnaire was translated into Vietnamese and back-translated to ensure the appropriate meaning of each item was retained, and visual aids (show cards) with locally relevant examples were used for questions on alcohol and fruit and vegetable consumption. Pathophysiological measurements including weight, height, waist circumference, hip circumference and blood pressure (BP) were made according to the standardized STEPS procedures (WHO, 2008) . Blood pressure (at the midpoint of the right upper arm) was measured by trained staff using an Omron HEM 907 digital automatic blood pressure monitor. For each participant, three measurements in sitting position were recorded, the first after 5 min rest and subsequent readings after 2 min intervals. Hypertension was defined as systolic BP (SBP) ≥140 mmHg and/or diastolic BP (DBP) ≥90 mmHg, or using medication for hypertension.
Self-reported alcohol consumption
The STEPS questionnaire (WHO, 2008) sought information on alcohol intake through different sets of questions, with distinct reference periods. Each subject was assessed using the following two questions: 'Have you ever consumed an alcoholic drink such as beer, wine, spirits and fermented cider?' and 'Have you consumed an alcoholic drink within the last 12 months?'. Participants who answered 'yes' to the first question were classified as ever drinkers. Those who answered 'yes' to both questions were asked two related questions: 'During the past 12 months, how frequently have you had at least one alcoholic drink?' and 'When you drank alcohol, on average, how many standard alcoholic drinks did you have in 1 day?'. Those who reported consuming at least one alcoholic beverage during the previous year were asked about their frequency of consumption (response categories <1 day/month, 1-3 days/month, 1-4 days/week, 5-6 days/week, and daily). Show cards illustrating the volume of spirits (30 ml of 40% alc/vol), wine (120 ml of 11% alc/vol) and beer (285 ml of 4.5% alc/vol) equivalent to 10 g of ethanol (a standard drink) were used to prompt reporting of the number of standard drinks usually consumed on each drinking occasion. For presentation of results, reported number of standard drinks were categorized as <2, 2-3, 3.1-6 and >6 standard drinks. This provided a distribution of responses similar to that of frequency, thereby facilitating comparison. Hazardous drinking was defined as consuming 40-59.9 g of pure alcohol (4-6 standard drinks) for men or 20-39.9 g (2-4 standard drinks) for women on average per day during the last year, while harmful drinking was defined as consuming at least 60 g of pure alcohol (6 standard drinks) for men or 40 g (4 standard drinks) for women (WHO, 2008) . The frequency of consumption (the midpoint of each category scaled in terms of number of days per week) was multiplied by the number of standard drinks per occasion to calculate the average weekly intake (frequency × quantity) categorized as none, ≤1, 1.1-7, 7.1-14 and >14 drink(s)/week.
Participants were asked if they had consumed any alcohol in the past 30 days. Those who responded 'yes' to this question were asked about their consumption during the last 7 days. The quantities consumed on a drinking day during the previous week were classified in the same way as quantities consumed on a previous occasion during the previous year. Frequency of consumption during the previous week was grouped as none, 1, 2, 3-4, 5-6 or 7 days that week. This provided a distribution of responses similar to that for frequency during the past year, also assisting comparison. Binge drinking was defined as consuming at least five standard drinks (men) or four standard drinks (women) on at least one drinking occasion during the last week (WHO, 2008) .
Data analysis
Linear regression was used to estimate adjusted means of SBP and DBP, and Poisson regression with robust standard errors (Zou, 2004) was used to estimate prevalence and ratios of prevalence of hypertension at levels of alcohol intake. In our sample, 2.3% of the male (3.6% urban, 1.8% rural) and 3.5% of the female (5.4% urban, 2.7% rural) subjects used blood pressure-lowering medication. Those using medication for hypertension were excluded from the linear regression analysis. Confounders including age, education levels, ethnicity, smoking status (urban areas), number of daily servings of fruit and vegetables, and waist circumference were adjusted for in each analysis. Tests of trend were undertaken by replacing multiple binary (0/1) covariates for alcohol consumption with a single ordinal covariate. Agreement and ranking stability between reported quantities of alcohol intake were assessed from differences in means, Pearson correlation coefficients. Model calibration (the fit of the predicted values produced by the model to the actual observed values of the outcome) was assessed by R-squared values in linear regression and by deviance in Poisson regression. Subject discrimination (the capacity of the model to correctly classify those who develop the outcome and those who do not) was assessed using the Youden Index (Perkins and Schisterman, 2006) . Improvements in calibration and discrimination were measured as changes in these indices. For a binary classification, the change in the Youden Index is equal to the net reclassification index and twice the change in area under the curve (Perkins and Schisterman, 2006) . All analyses were conducted separately for men and women, and for men from urban and rural areas, using software for complex survey analyses provided by Stata version 12.0.
RESULTS
Selected characteristics of study subjects, stratified by sex and urban/ rural classification of area of residence, are presented in Table 1 . Approximately 65% of the participants, who were aged 25−64 years, lived in rural areas, and these subjects had lower proportions of high school completions and lower mean household income per adult family member compared to urban people. Men had higher mean levels of blood pressure than women, and greater proportions of hypertensive individuals, but urban/rural differences were slight. Table 1 shows that >80% of men had consumed alcohol during the last year and that almost 40% had consumed alcohol in the quantities considered hazardous or harmful to their health. Around two-thirds (slightly more in rural areas than urban areas) had consumed alcohol during the last month, and 59.8% (53.4% of urban men and 62.5% of rural men) had done so during the last week. The men had consumed alcohol on average on 1.8 days-the drinkers among them on 2.5 days (urban men 2.3, rural men 2.6)-during that week. Male drinkers consumed 4.5 drinks (urban men 4.3, rural men 4.6) on average on each day that alcohol was consumed. One-in-four men were classified as binge drinkers. Less than 5% of the women had consumed alcohol in the last week, and only 11.8% had ever consumed alcohol. Figure 1 summarizes the distribution of standard drinks by the reported frequency of drinking occasions during the last year. It shows a generally increasing median number of standard drinks with increasing number of reported drinking occasions for men, but with a wide distribution of standard drinks in each frequency category. For women, the median number of standard drinks was either two (5-6 days/week category) or one (all other frequency categories). In consequence, the number of drinking occasions last year was only moderately correlated with the number of standard drinks consumed per occasion for both men (urban r = 0.26, rural r = 0.22) and women (urban r = 0.46, rural r = 0.43). The number of standard drinks consumed on each drinking occasion in the past year was highly correlated with standard drinks consumed per occasion in the last week among men (urban r = 0.76, rural r = 0.80) and women (urban r = 0.82, rural r = 0.89). Mean weekly intake in numbers of standard drinks by men who drank alcohol during the last year was greater when calculated from information on last year consumption [urban 10.0 (SD 15.3), rural 12.0 (SD 18.5)] than when calculated from information on last week consumption [urban 7.6 (SD 12.2), rural 10.0 (SD 16.8)]. For women who drank alcohol during the last year, mean weekly intake in numbers of standard drinks when calculated from last year information [urban 1.3 (SD 3.7), rural 2.7 (SD 6.7)] was similar to that calculated from last week information [urban 1.6 (SD 5.1), rural 2.1 (SD 5.3)].
Reported numbers of standard drinks consumed on each drinking occasion in the last year was weakly but significantly correlated with levels of education completed (men r = −0.12, women r = −0.10) and higher for current smokers [men: mean (SD) = 4.9 (3.7), women: mean (SD) = 3.5 (2.5)] than for former or never smokers [men: mean (SD) = 4.1 (3.3), women: mean (SD) = 1.5 (1.5)]. There were similar findings for quantities consumed on each drinking occasion during the last week. For both men and women, the associations were generally stronger in rural areas irrespective of reference period (data not shown).
Estimated associations of alternative measures of alcohol consumption with BP and with hypertension are presented in Tables 2 and 3 , respectively, for men. Those who reported having consumed alcohol during the last year had mean BP that was greater by about 5 mmHg (SBP) or 3−4 mmHg (DBP), and with prevalence of hypertension greater by around 7 percentage points in rural areas, than those who had not. Compared with non-drinkers, the three measures (frequency, quantity and total intake) of alcohol consumption during the last year provide similar associations with BP (P < 0.001 for trend in each case). For last week consumption, the increases in mean BP with alcohol consumption were similarly dose-related but a little smaller in magnitude. Particularly for urban respondents, the associations with hypertension also were stronger for last year consumption than for last week consumption (Table 3 ). The increase in risk of hypertension was confined mostly to the heaviest drinkers in urban areas, but commenced with the lightest drinkers in rural areas and with successive increases in risk across categories (P < 0.001 for trend). Adjustment for BMI or waist-to-hip ratio instead of waist circumference produced similar results. The generally weaker associations of these alternative alcohol measures with BP and hypertension among women are shown in the Supplementary Table S1 . For women, the lowest prevalence of hypertension occurred among those with light-to-moderate consumption.
In analyses of data for men, frequency of drinking occasions and quantity per occasion were not independent predictors of BP and hypertension. Across all outcomes (SBP, DBP, hypertension), urban/ rural location and reference periods (last year, last week), including linear covariates for both frequency and quantity in the regression models greatly reduced the estimated coefficients of each vis-à-vis Hazardous drinking: 4-6 standard drinks (men) and 2-4 standard drinks (women) on average per day during the last year, harmful drinking: ≥6 standard drinks (men) and ≥4 standard drinks (women) on average per day during the last year.
f ≥5 standard drinks (men) and ≥4 standard drinks (women) on at least one drinking day during the last week.
their values in models without inclusion of the other. Results were similar when total intake (frequency × quantity) was used in place of quantity. An exception was last week consumption by urban men, for whom total intake was independent of frequency.
As a more direct test of the utility of reported information on standard drinks, we investigated the contribution it made to model calibration and subject discrimination. Table 4 shows that for last year consumption and particularly for last week consumption, information on any consumption (versus none) provided the majority of improvement in model calibration and discrimination. Information on frequency of consumption provided a small further improvement in model calibration but not in discrimination. Information on quantity provided at best a minor additional improvement in calibration and discrimination. For both reference periods, the improvements in calibration were generally larger for models of rural respondents. It should be noted that all improvements in model calibration and discrimination due to additional information on frequency and quantity of consumption of alcohol were generally very small. This was particularly the case for women, for whom information on whether or not alcohol had been consumed last year provided almost all of any improvement in calibration or discrimination (Supplementary Table S2 ).
DISCUSSION
The key finding from these first nationally representative data on alcohol consumption in Vietnam is that almost 40% of men were hazardous/harmful users and 25% were binge drinkers, whereas only 3% of women were hazardous/harmful users and <1% were binge drinkers. The information on frequency of consumption and the number of standard drinks consumed had predictive accuracy for mean levels of BP and hypertension. Those consuming alcohol during the reference period had higher mean BP and risk of hypertension than those who had not. The increases were widened for the most frequent and heaviest drinkers, particularly for those from rural areas. However, most of the improvement in model calibration and subject discrimination were provided by binary responses to questions on whether or not alcohol had been consumed during the reference period.
The overall findings are broadly consistent with previous studies. Firstly, reflecting the cultural practice in Asian countries, alcohol use is more common among men than women (WHO, 2014a). Secondly, the prevalences of ever, current and heavy episodic drinking (defined as binge drinking in this study) were lower than those typically seen in Western countries (Wilsnack et al., 2009) . The estimated prevalence of male ever drinkers was similar to that of previous local surveys in Vietnam using STEPS protocols (Tran et al., 2009; Pham et al., 2009) . The prevalence of alcohol use during the past 12 months was also comparable to that of a nationally representative sample in China (Millwood et al., 2013) . However, the prevalence of binge drinking among men in the present study was lower than that of previous surveys conducted in Mozambique (40%) (Padrao et al., 2011) and Can Tho province, Vietnam (38.6%) . The provincial estimates for Can Tho province in this national survey, after re-weighting our sample to match the urban/rural proportions in the earlier survey, were 31.6% for men and 0.7% for women. The earlier survey was conducted during the months of the year (July-November) that binge drinking is most prevalent, whereas surveying of the Can Tho population in this national survey was conducted during MarchAugust. Consistent with findings from China (Li et al., 2011; Millwood et al., 2013) , rural respondents in Vietnam had generally higher intake than urban respondents.
Our findings that alcohol consumption is positively related to BP and hypertension are consistent with previous studies in Asian (Marmot et al., 1994; Nakanishi et al., 2001; Ohmori et al., 2002; Wildman et al., 2005) and Western countries (Marmot et al., 1994; Fuchs et al., 2001; Stranges et al., 2004; Sesso et al., 2008) . For men, we found no evidence of a protective effect of low-to-moderate consumption that has been reported in a previous study (Fuchs et al., 2001) , and which has prompted recommendations to limit alcohol consumption to ≤2 drinks per day in published guidelines on the primary prevention of hypertension (Whelton et al., 2002; Appel et al., 2006) . For hypertension, the increase in risk was largely restricted to the heaviest drinkers (those drinking alcohol at least 5 days per week, and drinking more than three standard drinks on each drinking occasion) in urban areas. In rural areas, where home-made products with high alcohol content are consumed, a gradation in risk was more pronounced. Our results for women (see Supplementary Table S1 ) suggested a protective effect of light consumption for hypertension, and no increase in mean BP for light-to-moderate consumption (Taylor et al., 2009; Briasoulis et al., 2012) , but the numbers of female drinkers in these categories were small.
We found generally similar increases in mean levels of BP and in prevalence of hypertension irrespective of whether alcohol consumption was characterized as frequency of drinking occasions, number of standard drinks per drinking occasion, or total alcohol intake. Part of our purpose was to investigate whether respondents, and particularly rural respondents, in Vietnam would be able to provide valid information about quantities expressed in terms of standard drinks. Somewhat unexpectedly, we found that reported numbers of standard drinks on each drinking occasion, as well as total intake based on frequency and quantity, were strongly associated with mean BP and the risk of hypertension in rural areas. This suggests that the concept of a standard drink was understandable for rural respondents, particularly when illustrated (as we did) with the use of visual aids depicting serving sizes for a range of alcohol drinks including spirits. The cups used to drink home-made wine in rural areas, and the alcoholic content of the home-made product drunk from them, vary somewhat according to local custom but it appears that respondents were able to convert them reasonably well to the serving sizes used to illustrate a standard drink of spirits in the visual aids. For urban respondents, the wider range of alcohol types and serving sizes may make reporting of alcohol consumption a more complex task. There was some evidence that our estimates of quantities consumed had construct validity in terms of associations with education and tobacco smoking consistent with previous findings of studies (Tran et al., 2009; Millwood et al., 2013) in Asian populations. They also had stability across reference periods. The information on alcohol consumption was collected for reference periods of last year and last week with each considered to have advantages and disadvantages that impact on estimates (Dawson, 2003) . Longer reference periods place the focus on usual patterns of consumption that are able to be recalled reliably if they are generally stable (Dawson, 2003; Ekholm, 2004) . Consumption during shorter periods, such as last week, may be easier to recall but may not be representative of usual consumption (Dawson, 2003) . These factors may explain the generally weaker results for rural men with last week rather than last year as the reference period. If their consumption pattern is relatively stable over time, any variation last week would result in a misclassification of the risk due to usual weekly consumption. Consistent with this, the agreement between usual reported intake last year and actual intake last week was higher for rural respondents than for urban respondents.
Investigation of model calibration and subject discrimination revealed that information from simple questions on whether the respondent had consumed any alcohol at all during the reference period provided most of the gain possible from information on frequency of consumption, number of standard drinks consumed on each drinking occasion, and total intake. For the most part, information on quantities consumed was not independent of frequency of consumption in prediction of outcome. This is a caveat on the inference that the concept of a standard drink was understandable to our respondents, because other research findings (Stranges et al., 2004) prompt an expectation that reliable information on quantities consumed should improve prediction. Our present findings suggest it would be pointless to increase subject burden by gathering information on frequency and quantity, or on frequency alone, if the only purpose was to improve model calibration and subject discrimination. STEPS protocols emphasize that collecting smaller amounts of goodquality data is more valuable for country-by-country surveillance of non-communicable disease risk factors than is collecting large amounts of poor-quality data (WHO, 2008) . Our results suggest that restricting collection of information on alcohol consumption to whether or not respondents consumed alcohol during a relevant reference period would provide the closest alignment with this principle. Elevated blood pressure is only one possible outcome of alcohol consumption, however, and we acknowledge that results may differ for other outcomes such as injury or all-cause mortality.
The present investigation has several strengths. First, the data were collected from a nationally representative survey of the Vietnamese population. The large sample allowed stratification by sex and rural/ urban location, and account to be taken of putative modifying, confounding and mediating factors. The interviews were conducted by trained staff in accordance with standardized WHO protocols designed to minimize random error and bias, and using a culturally-sensitive instrument that had been translated and back-translated. The information on alcohol consumption was as comprehensive as it reasonably could be in a large-scale multiple risk factor survey. It included reports of any alcohol consumption during three reference periods, and frequency of consumption and number of standard drinks consumed during two of those reference periods. That allowed this first investigation of standard drink reporting in Asian countries, and the first with consideration of both model calibration and subject discrimination.
This study has some limitations. Whilst participation was high for a study with overnight fasting, blood sampling and nearly 2 h of onsite attendance, the possibility of non-participation bias cannot be discounted. Alcohol consumption was self-reported, but this is standard practice and information collected by this way has been shown to have some evidence of validity (Del Boca and Darkes, 2003) . In our study, the self-reported data clearly had predictive validity for BP and hypertension as outcomes. It might be argued that our results are specific to those outcomes, and do not attest to validity more generally including for monitoring population levels of alcohol intake. We argue that the urban-rural and reference period comparisons produced important insights independent of those outcomes. Unmeasured factors may be responsible for the urban-rural differences, with salt intake (higher in rural areas) a possible candidate. Adjusting for self-reported information on salty diet did not remove the differences, however. We used version 2.1 of the STEPS questionnaire, and the alcohol questions have been modified in two subsequent iterations of the questionnaire. The current version 3.1 (WHO, 2014b) includes additional questions on frequency and quantity of consumption during the past 30 days. Further additional questions have been added on health impacts of drinking, binge drinking and the number of standard drinks consumed during the last 7 days from home-brewed, cross-border, nonfood (medicines, perfumes, after shave) and non-taxed sources. These add considerably to subject burden and have untested validity. Finally, the questions on alcohol consumption used in all versions of the STEPS questionnaire are an adaption of the quantity/frequency approach (Dawson, 2003) . We are unable to assess the comparative validity of questions based on the graduated frequency approach (Dawson, 2003) .
In conclusion, alcohol use and harmful consumption was common among Vietnamese men but less pronounced than in Western countries. Self-reports of quantity of alcohol consumed in terms of standard drinks had predictive validity for BP and hypertension even in rural areas. However, using detailed measures of consumption resulted in only minor improvements in prediction compared to simple measures.
